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1
SYSTEMS AND METHODS FOR THE
DETERMINING ANNOTATOR
PERFORMANCE IN THE DISTRIBUTED
ANNOTATION OF SOURCE DATA

CROSS-REFERENCE TO RELATED
APPLICATIONS

The current application claims priority to U.S. Provisional
Patent Application No. 61/663,138, titled “Method for Com-
bining Human and Machine Computation for Classification
and Regression Tasks” to Welinder et al. and filed Jun. 22,
2012, the disclosures of which is hereby incorporated by
reference in its entirety.

STATEMENT OF FEDERAL FUNDING

This invention was made with government support under
Grant No. 1I1S0413312 awarded by the National Science
Foundation and under Grant No. N00014-06-1-0734 and
Grant No. N00014-10-1-0933 awarded by the Office of Naval
Research. The government has certain rights in the invention.

FIELD OF THE INVENTION

The present invention is generally related to data annota-
tion and more specifically the determination of annotator
performance in the distributed annotation of source data.

BACKGROUND OF THE INVENTION

Amazon Mechanical Turk is a service provided by Ama-
zon.com of Seattle, Wash. Amazon Mechanical Turk provides
the ability to submit tasks and have a human complete the task
in exchange for a monetary reward for completing the task.

SUMMARY OF THE INVENTION

Systems and methods for determining annotator perfor-
mance in the distributed annotation of source data in accor-
dance embodiments of the invention are disclosed. In one
embodiment of the invention, a method for clustering anno-
tators via a distributed data annotation process includes
obtaining a set of source data using a distributed data anno-
tation server system, where a piece of source data in the set of
source data includes at least one identifying feature, deter-
mining a training data set representative of the set of source
data using the distributed data annotation server system,
where each piece of source data in the training data set
includes source data metadata describing the ground truth for
the piece of source data, where the ground truth for a piece of
source data describes the features contained in the piece of
source data and a correct label associated with each feature,
obtaining sets of annotations from a set of annotators for a
portion of the training data set using the distributed data
annotation server system, where an annotation identifies one
or more features within a piece of source data in the training
data set, for each annotator determining annotator recall
metadata based on the set of annotations provided by the
annotator for the training data set using the distributed data
annotation server system, where the annotator recall metadata
includes a measure ofthe number of features within a piece of
source data identified with a label in the set of annotations by
the annotator and determining annotator precision metadata
based on the set of annotations provided by the annotator for
the training data set using the distributed data annotation
server system, where the annotator precision metadata
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includes a measure of the number of correct annotations
associated with each piece of source data based on the ground
truth for each piece of source data, and grouping the annota-
tors into annotator groups based on the annotator recall meta-
data and the annotator precision metadata using the distrib-
uted data annotation server system.

In another embodiment of the invention, clustering anno-
tators further includes generating an annotation task includ-
ing a portion of the set of source data using the distributed data
annotation server system, where the annotation task config-
ures an annotator to annotate one or more features within the
set of source data.

In an additional embodiment of the invention, the annota-
tion tasks are targeted toward one or more annotator groups.

In yet another additional embodiment of the invention,
clustering annotators further includes measuring the time
taken by an annotator to provide an annotation within the sets
of annotations using the distributed data annotation server
system.

In still another additional embodiment of the invention,
clustering annotators further includes calculating a reward
based on the annotator recall metadata and the annotator
precision metadata using the distributed data annotation
server system and providing the reward to an annotator for
providing one or more annotations using the distributed data
annotation server system.

Inyet still another additional embodiment of the invention,
grouping annotators into annotator groups is further based on
the calculated reward.

In yet another embodiment of the invention, the obtained
sets of annotations are clustered into annotation clusters
based on the features within the piece of source data identified
by the annotations using the distributed data annotation server
system.

In still another embodiment of the invention, the set source
data includes image data and the annotation clusters include
annotations that are within a distance threshold from each
other within the image data.

In yet still another embodiment of the invention, the anno-
tation clusters includes annotations that are within a distance
threshold from the ground truth for the feature identified by
the annotations.

In yet another additional embodiment of the invention,
clustering annotators further includes determining an error
rate for each annotator based on the annotation clusters using
the distributed data annotation server system and grouping
the annotators into annotator groups based on the determined
error rate for the annotators using the distributed data anno-
tation server system.

Still another embodiment of the invention includes a dis-
tributed data annotation server system including a processor
and a memory configured to store a data annotation applica-
tion, wherein the data annotation application configures the
processor to obtain a set of source data, where a piece of
source data in the set of source data includes at least one
identifying feature, determine a training data set representa-
tive of the set of source data, where each piece of source data
in the training data set includes source data metadata describ-
ing the ground truth for the piece of source data, where the
ground truth for a piece of source data describes the features
contained in the piece of source data and a correct label
associated with each feature, obtain sets of annotations from
a set of annotators for a portion of the training data set, where
an annotation identifies one or more features within a piece of
source data in the training data set, for each annotator deter-
mine annotator recall metadata based on the set of annota-
tions provided by the annotator for the training data set, where
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the annotator recall metadata includes a measure of the num-
ber of features within a piece of source data identified with a
label in the set of annotations by the annotator and determine
annotator precision metadata based on the set of annotations
provided by the annotator for the training data set, where the
annotator precision metadata includes a measure of the num-
ber of correct annotations associated with each piece of
source data based on the ground truth for each piece of source
data, and group the annotators into annotator groups based on
the annotator recall metadata and the annotator precision
metadata.

Inyet still another additional embodiment of the invention,
the data annotation application further configures the proces-
sor to generate an annotation task including a portion of the
set of source data, where the annotation task configures an
annotator to annotate one or more features within the set of
source data.

In yet another embodiment of the invention, the annotation
tasks are targeted toward one or more annotator groups.

In still another embodiment of the invention, the data anno-
tation application further configures the processor to measure
the time taken by an annotator to provide an annotation within
the sets of annotations.

In yet still another embodiment of the invention, the data
annotation application further configures the processor to
calculate a reward based on the annotator recall metadata and
the annotator precision metadata and provide the reward to an
annotator for providing one or more annotations.

In yet another additional embodiment of the invention, the
processor is further configured to group annotators into anno-
tator groups based on the calculated reward.

In still another additional embodiment of the invention, the
processor is configured to cluster the obtained sets of anno-
tations into annotation clusters based on the features within
the piece of source data identified by the annotations.

In yet still another embodiment of the invention, the set
source data includes image data and the annotation clusters
include annotations that are within a distance threshold from
each other within the image data.

In yet another additional embodiment of the invention, the
annotation clusters include annotations that are within a dis-
tance threshold from the ground truth for the feature identi-
fied by the annotations.

In still another additional embodiment of the invention, the
data annotation application further configures the processor
to determine an error rate for each annotator based on the
annotation clusters and group the annotators into annotator
groups based on the determined error rate for the annotators.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 conceptually illustrates a distributed data annotation
system in accordance with an embodiment of the invention.

FIG. 2 conceptually illustrates a distributed data annotation
server system in accordance with an embodiment of the
invention.

FIG. 3 is a flow chart conceptually illustrating a process for
clustering annotators based on annotation performance in
accordance with an embodiment of the invention.

FIG. 4 is a flow chart conceptually illustrating a process for
determining annotation tasks and rewards based on annotator
performance in accordance with an embodiment of the inven-
tion.

FIG. 5 is a flow chart conceptually illustrating a process for
clustering annotations of features in pieces of source data in
accordance with an embodiment of the invention.
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FIG. 6 is a flow chart conceptually illustrating a process for
iteratively annotating features of pieces of source data in
accordance with an embodiment of the invention.

DETAILED DESCRIPTION

Turning now to the drawings, systems and methods for
determining annotator performance in the distributed anno-
tation of source data in accordance with embodiments of the
invention are illustrated. In a variety of applications includ-
ing, but not limited to, medical diagnosis, surveillance veri-
fication, performing data de-duplication, transcribing audio
recordings, or researching data details, a large variety of
source data, such as image data, audio data, signal data, and
text data, can be generated and/or obtained. By annotating
features within these pieces of source data, particular portions
of the source data can be identified for particular purposes
and/or additional analysis. Systems and methods for annotat-
ing source data that can be utilized in accordance with
embodiments of the invention are disclosed in U.S. patent
application Ser. No. 13/651,108, titled “Systems and Meth-
ods for Distributed Data Annotation” to Welinder et al. and
filed Oct. 12, 2012, the entirety of which is hereby incorpo-
rated by reference. However, particularly in applications hav-
ing a large number of pieces of source data, annotating the
data can be difficult and/or time consuming. It may not be
realistic to expect a single person or machine to look at all
images and determine annotations for the set of source data,
as it may not be time and/or cost effective to have a single
source of annotations. Likewise, a single person or machine
may not be able to identity every feature present within the set
of source data. Additionally, individual sources of annota-
tions, whether untrained sources or expert sources, might not
agree on the criteria used to annotate features within the
source data and may not even agree on the features present
within the set of source data. Accordingly, systems and meth-
ods in accordance with embodiments of the invention deter-
mine the performance of annotators at specific types of anno-
tation tasks and use the performance information in the
allocation of annotation tasks.

Distributed data annotation systems in accordance with
embodiments of the invention can be configured to obtain sets
of source data and create training data sets representative of
the obtained source data. The training data sets can include
pieces of source data from the obtained source data and/or
additional pieces of data representative of the set of source
data. The pieces of source data in the training data set are
analyzed (such as by an expert or previously known informa-
tion) and the ground truth of the features (or the absence
thereof) are identified within the pieces of source data. The
training data is then distributed to one or more annotators that
are configured to identify the features within the pieces of
source data. Based on annotations of the identified features
provided by the annotators and the previously identified
ground truth of the features, the performance of the annota-
tors can be determined. As discussed below, annotator per-
formance can be based on precision (e.g. the number of anno-
tations that are correct with respect to the ground truth), recall
(the number of features present that are annotated), and any
other attributes (including, but not limited to, total cost, and
time taken) as appropriate to the requirements of specific
applications in accordance with embodiments of the inven-
tion. In a variety of embodiments, the performance of the
annotators is determined by clustering the annotations pro-
vided by multiple annotators for pieces of source data with
respect to the ground truth (and/or clustered relative to each
other if no ground truth is available) for the pieces of source
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data and determining a confidence score based on the dis-
tances between the identified clusters and the annotations.
Based on the measured performance, the annotators can be
grouped together into annotator groups. The annotator groups
(or subsets thereof) can then be tasked with the additional
annotation on the pieces of source data that are not in the
training data sets. The annotation tasks for the non-training
pieces of source data can be targeted to the annotator groups
based on their performance in that the better performing
groups are more likely to be able to complete difficult anno-
tation tasks quickly and/or in a cost-effective manner. Like-
wise, lower-performing annotator groups can be tasked with
routine annotations that may not necessitate the skill of the
better performing annotator groups. Furthermore, distributed
data annotation server systems can be configured to tailor
annotation tasks for the pieces of source data and/or rewards
for completing the annotation tasks based on the performance
of the annotator groups.

Based on the annotator performance, annotators can be
scored based on their performance in various annotation tasks
and ranked according to the scores. The annotator rankings
can be used in the selection (or targeting) of annotators for
particular annotation tasks and the rankings can be updated
based upon additional tasks the annotators perform. The rank-
ings can also include annotator profiles including a variety of
information as appropriate to the requirements of specific
applications in accordance with embodiments of the inven-
tion, such as a history of annotation tasks performed, the
performance with respect to particular annotation tasks, the
time taken for annotations, rewards earned by the annotator,
requested rewards for additional annotation tasks, a user rat-
ing for the annotator, demographic information, and/or par-
ticular types of source data the annotator is skilled in anno-
tating.

The distributed data annotation server system can also
request the iterative annotation of source data. The iterative
annotation of source data involves obtaining an initial set of
annotations from a set of annotators, then providing the
source data and the initial set of annotations to a second set of
annotators that refine, correct, and/or confirm the initial set of
annotations. This iterative process can be repeated until the
desired level of certainty with respect to the annotations is
achieved. The performance of the annotators with respect to
annotation tasks in the variety of stages of the iterative anno-
tation process can be utilized to target particular annotators
for particular annotation tasks. For example, some annotators
(or annotator groups) may perform better at refining existing
annotations than identifying features within a piece of source
data; these annotators can be avoided for the initial annotation
tasks and targeted for the iterative refinement annotation
tasks.

In a number of embodiments, the annotation of data is
performed in a similar manner to classification via a tax-
onomy in that an initial distributed data annotation is per-
formed using broad categories and annotation tasks and meta-
data is collected concerning the difficulty of annotating the
pieces of source data and the capabilities of the annotators.
The difficulty of annotating a piece of source data can be
calculated using a variety of techniques as appropriate to the
requirements of specific applications in accordance with
embodiments of the invention, including determining the dif-
ficulty based on the performance of the annotators annotating
apiece of source data having a known ground truth value in a
set of training data. The capabilities of the annotators with
respect to the source data can be considered in the allocation
of (additional) annotation tasks to refine and/or improve the
annotation of the source data. The capabilities of the annota-
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tors can be determined utilizing a variety of techniques as
appropriate to the requirements of specific applications in
accordance with embodiments of the invention, including
those described above. Each of the initial broad categories can
then be transmitted to the annotators by the distributed data
annotation server system to further refine the source data
metadata associated with each piece of source data in the
broad categories and the process repeated until sufficient
metadata describing the source data is collected. With each
pass across the data by the data annotation devices, the dis-
tributed data annotation server system can use the received
annotations for one or more pieces of source data to refine the
measured performance of the annotators in the annotator
groups and update the corresponding annotator performance
metadata. Based upon the updated annotator performance
metadata, the distributed data annotation server system can
further refine the selection of annotator (groups) and/or
pieces of source data targeted in additional annotation tasks
for subsequent annotations of the source data. Specific tax-
onomy based approaches for annotating source data with
increased specificity are discussed above; however, any of a
variety of techniques can be utilized to annotate source data
including techniques that involve a single pass or multiple
passes by the same (or different) sets of annotators as appro-
priate to the requirements of specific applications in accor-
dance with embodiments of the invention.

Annotators utilize data annotation devices to perform the
annotation of pieces of source data. Data annotation devices
can include (but are not limited to) human annotators,
machine-based annotation devices, and/or a combination of
machine and human annotation as appropriate to the require-
ments of specific applications in accordance with embodi-
ments of the invention. The data annotation devices are con-
figured to identify features within pieces of source data based
on a received annotation task. In several embodiments, the
annotation of data is a human intelligence task where human
annotators are asked to identify particular features within
pieces of source data. As appropriate to the requirements of
specific applications in accordance with embodiments of the
invention, data annotation devices provide a user interface
that presents an annotation task and pieces of source data to an
annotator. Data annotation devices can also include input
devices configured to receive user input, and generate source
data metadata including annotations based on the user input
identifying features of the source data presented to the anno-
tator.

Although the above is described with respect to distributed
data annotation server systems and annotators utilizing data
annotation devices, the data annotation devices and/or anno-
tators can be implemented using the distributed data annota-
tion server system (e.g. as software configuring a processor in
the distributed data annotation server system to perform the
annotation process) as appropriate to the requirements of
specific applications in accordance with embodiments of the
invention. Systems and methods for determining annotator
performance in the distributed annotation of source data in
accordance with embodiments of the invention are discussed
below.

Distributed Data Annotation Systems

Distributed data annotation systems in accordance with
embodiments of the invention are configured to distribute sets
of training data to a variety of annotators and, based on the
annotations obtained from the annotators, group the annota-
tors based on their performance and determine appropriate
rewards and/or annotation tasks for the annotator groups. A
conceptual illustration of a distributed data annotation system
in accordance with an embodiment of the invention is shown
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in FIG. 1. Distributed data annotation system 100 includes
distributed data annotation server system 110 connected to
source data database 120 and one or more data annotation
devices 130 via network 140. In many embodiments, distrib-
uted data annotation server system 110 and/or source data
database 120 are implemented using a single server. In a
variety of embodiments, distributed data annotation server
system 110 and/or source data database 120 are implemented
using a plurality of servers. In many embodiments, data anno-
tation devices 130 are implemented utilizing distributed data
annotation server system 110 and/or source data database
120. Network 140 can be one or more of a variety of networks,
including, but not limited to, wide-area networks, local area
networks, and/or the Internet as appropriate to the require-
ments of specific applications in accordance with embodi-
ments of the invention.

Distributed data annotation system 110 is configured to
obtain pieces of source data and store the pieces of source data
using source data database 120. Source data database 120 can
obtain source data from any of a variety of sources, including
content sources, customers, and any of a variety of providers
of source data as appropriate to the requirements of specific
applications in accordance with embodiments of the inven-
tion. In a variety of embodiments, source data database 120
includes one or more references (such as a uniform resource
locator) to source data that is stored in a distributed fashion.
Source data database 120 includes one or more sets of source
data to be annotated using distributed data annotation server
system 110. A set of source data includes one or more pieces
of'source data including, but not limited to, image data, audio
data, signal data, and text data. In several embodiments, one
or more pieces of source data in source data database 120
includes source data metadata describing features of the piece
of'source data. Distributed data annotation server system 110
is further configured to generate sets of training data repre-
sentative of the source data and identify the ground truth with
respect to one or more features of the pieces of source data in
the training data set. Distributed data annotation server sys-
tem 110 then distributes the training data to one or more data
annotation devices 130 and requests annotations of one or
more features within the source data. Data annotation devices
130 generate annotations for one or more features within the
source data and transmit annotated source data to distributed
data annotation server system 110. Based on the annotated
source data, distributed data annotation server system 110 is
configured to determine annotator performance metadata
describing the performance of the data annotation devices
130 based on the provided annotations and the ground truth
for the pieces of source data in the training data set. Based on
the annotator performance metadata, data annotation devices
130 are grouped into annotator groups. Distributed data anno-
tation server system 110 is further configured to request anno-
tations of pieces of source data not in the training data sets
from one or more of the annotator groups based on the anno-
tator performance metadata of distributed data annotation
devices 130 within the targeted annotator groups. Distributed
data annotation server system 110 can also calculate rewards
or other compensation to be awarded to data annotation
devices 130 based on their performance. In a number of
embodiments, distributed data annotation server system 110
is configured to identify pieces of source data for refinement
and iteratively distribute the identified pieces of source datato
data annotation devices 130 to further refine, expand, and/or
correct the annotations applied to the identified pieces of
source data by previous data annotation devices 130. In many
embodiments, distributed data annotation server system 110
provides annotator rankings reflecting the annotator perfor-
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mance on one or more annotation tasks and/or annotator
profile information as described above. The annotation rank-
ings can be utilized to specify the annotator performance
desired for a particular annotation tasks and/or to determine
reward levels for annotation tasks. In a variety of embodi-
ments, the distributed data annotation server system 110 pro-
vides a user interface including the annotator rankings and/or
annotator profile pages configured to display the annotator
profiles. The user interface can be further configured to allow
for the selection (e.g. targeting) of annotators for particular
annotation tasks.

Data annotation devices 130 are configured to annotate
pieces of source data based on features present in the source
data and an annotation task directing data annotation devices
130 to identity particular features in pieces of source data.
Data annotation devices 130 include, but are not limited to,
human annotators, machine annotators, and emulations of
human annotators performed using machines. Human anno-
tators can constitute any human-generated annotators,
including users performing human intelligence tasks via a
service such as the Amazon Mechanical Turk service pro-
vided by Amazon.com, Inc. In the illustrated embodiment,
data annotation devices 130 are illustrated as personal com-
puters configured using appropriate software. In various
embodiments, data annotation devices 130 include (but are
not limited to) tablet computers, mobile phone handsets, soft-
ware running on distributed data annotation server system
110, and/or any of a variety of network-connected devices as
appropriate to the requirements of specific applications in
accordance with embodiments of the invention. In several
embodiments, data annotation devices 130 provide a user
interface and an input device configured to allow a user to
view the pieces of source data received by the data annotation
device 130 and provide annotations (such as identifying fea-
tures within a piece of source data) for the pieces of source
data. In a number of embodiments, previously annotated fea-
tures within the source data are highlighted and the user is
asked to identify any other matching features within the
source data and/or correct (or confirm) the existing annota-
tion(s).

Distributed data annotation systems in accordance with
embodiments of the invention are described above with
respect to FIG. 1; however, any of a variety of distributed data
annotation systems can be utilized in accordance with
embodiments of the invention. Systems and methods for
determining annotator performance in the distributed anno-
tation of source data in accordance with embodiments of the
invention are described below.

Distributed Data Annotation Server Systems

Distributed data annotation server systems can be config-
ured to determine sets of training data representative of sets of
source data, determine annotator performance metadata
based on annotations of the training sets of data by the anno-
tators, and group the annotators for additional annotation
tasks based on their performance. A distributed data annota-
tion server system in accordance with an embodiment of the
invention is conceptually illustrated in FIG. 2. Distributed
data annotation server system 200 includes processor 210 in
communication with memory 230. Distributed data annota-
tion server system 200 also includes network interface 220
configured to send and receive data over a network connec-
tion. In a number of embodiments, network interface 220 is in
communication with the processor 210 and/or memory 230.
In several embodiments, memory 230 is any form of storage
configured to store a variety of data, including, but not limited
to, data annotation application 232, source data 234, source
data metadata 236, and annotator performance metadata 238.
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In many embodiments, source data 234, source data metadata
236, and/or annotator performance metadata 238 are stored
using an external server system and received by distributed
data annotation server system 200 using network interface
220. External server systems in accordance with a variety of
embodiments include, but are not limited to, database sys-
tems and other distributed storage services as appropriate to
the requirements of specific applications in accordance with
embodiments of the invention.

Data annotation application 232 configures processor 210
to perform a distributed data annotation process for set of
source data 234. The distributed data annotation process
includes generating training data sets representative of the set
of source data 234 and transmitting the training data sets to
one or more annotators. The training data sets include pieces
of source data and source data metadata describing the
ground truth of one or more features within the source data. In
a variety of embodiments, the training data sets are transmit-
ted via network interface 220. In many embodiments, the
selection of annotators is based on annotator performance
metadata 238. The annotators are configured to generate
annotations identifying one or more features within the
received source data and generate source data metadata 236
containing the annotations. Source data metadata 234 can
include, but is not limited to, annotations provided for the
piece of source data, the source of the provided annotations,
the time taken to annotate the piece of source data, rewards
earned for providing the annotations, and/or one or more
properties describing the piece of source data. In a variety of
embodiments, data annotation application 232 configures
processor 210 to perform the annotation processes. The dis-
tributed data annotation process further includes receiving the
annotated pieces of source data and determining the perfor-
mance of the annotators based on the source data metadata
236. The annotator performance is stored as annotator per-
formance metadata 238. The annotators are grouped into
annotator groups based on their performance. The distributed
data annotation process additionally includes transmitting
pieces of source data to the annotator groups based on their
performance identified using the training data sets represent-
ing the source data.

In a number of embodiments, data annotation application
232 further configures processor 210 to determine rewards
and/or other compensation awarded to a data annotation
device for providing annotations to one or more pieces of
source data using annotator performance metadata 238. In
addition to the performance information described above,
annotator performance metadata 238 can include pieces of
source data annotated by the annotator, the annotations
applied to the pieces of source data, previous rewards granted
to the annotator, the time spent annotating pieces of source
data, demographic information, the location of the annotator,
clustering data describing how the annotator annotates pieces
of'source data, and any other characteristic of the annotator as
appropriate to the requirements of specific applications in
accordance with embodiments of the invention. In several
embodiments, data annotation application 232 configures
processor 210 to provide a user interface including the anno-
tator rankings and/or annotator profile pages configured to
display the annotator profiles as described above. In a variety
of embodiments, data annotation application 232 configures
processor 210 to allow for the targeting of particular annota-
tors and/or groups of annotators for one or more annotation
tasks based on the annotator rankings and/or the annotator
profiles.

In many embodiments, the distributed data annotation pro-
cess is performed in parallel across a variety of annotators.

10

15

20

25

30

35

40

45

50

55

60

65

10

However, the distributed data annotation process can also be
performed iteratively where a first set of annotators annotates
pieces of source data and the first set of annotations is then
provided to a second set of annotators that refine the first set
of annotations and/or identify additional features within the
pieces of source data. These additional features are then
added into the set of annotations. Additionally, the distributed
data annotation process can include clustering annotations of
a particular feature within a piece of source data. This clus-
tering of annotations can be utilized to determine the confi-
dence (e.g. correctness) of the provided annotations and/or be
utilized in the determination of the performance of the anno-
tators providing the annotations as appropriate to the require-
ments of specific applications in accordance with embodi-
ments of the invention.

Distributed data annotation server systems are described
above with respect to FIG. 2; however, a variety of architec-
tures, including those that store data or applications on disk or
some other form of storage and are loaded into the memory at
runtime can be utilized in accordance with embodiments of
the invention. Processes for annotating source data, identify-
ing annotator performance, and calibrating the annotation
process to the annotator performance in accordance with
embodiments of the invention are described below.
Grouping Annotators Based on Performance

In the crowdsourced annotation of source data, it is likely
that a variety of annotators with a wide range of knowledge
and ability will be utilized in the annotation of the source data.
However, each annotator has an associated cost such as time,
money, or both. Annotators can be trained to perform particu-
lar annotation tasks using training data sets. These training
data sets can also be utilized to determine the relative perfor-
mance of the annotators. The annotators can be grouped
according to their performance and annotation tasks and/or
rewards can be targeted towards the best (or adequate) per-
forming annotators while additional time and/or money need
not be allocated toward the poorly performing annotators. A
process for grouping annotators based on their performance
in accordance with an embodiment of the invention is illus-
trated in FIG. 3. The process 300 includes obtaining (310)
source data and determining (312) features within the source
data. Annotators are requested (314) and obtained (316).
Annotator performance is determined (318) and the annota-
tors are grouped (320).

Inavariety of embodiments, the obtained (310) source data
contains one or more pieces of source data. The pieces of
source data can be, but are not limited to, image data, audio
data, video data, signal data, text data, or any other data
appropriate to the requirements of specific applications in
accordance with embodiments of the invention. The pieces of
source data can include source data metadata describing
attributes of a piece of source data. Determining (312) source
data features includes determining the ground truth regarding
one or more features within some or all of the obtained (310)
source data. The pieces of source data with determined (312)
source data features are utilized to create a training data set
representative of the obtained (310) source data. The source
data features can be determined (312) as appropriate to the
requirements of specific applications in accordance with
embodiments of the invention, such as by expert annotators,
known from the creation of the training data set, and/or
crowdsourced utilizing systems similar to those disclosed in
U.S. patent application Ser. No. 13/651,108, incorporated by
reference above. In a variety of embodiments, requesting
(314) annotations for the training data set includes creating
one or more annotation tasks that configure an annotator
(and/or a data annotation device) to annotate one or more
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features within a piece of source data. In several embodi-
ments, requesting (314) annotations includes submitting the
annotation task(s) to a human intelligence task marketplace,
such as the Amazon Mechanical Turk service provided by
Amazon.com, Inc. In a number of embodiments, requesting
(314) annotations can include submitting an annotation task
to an annotation device configured to perform machine intel-
ligence tasks based on the annotation tasks. In a variety of
embodiments, obtaining (316) annotations includes receiving
the annotations from a data annotation device via a network
connection. In many embodiments, obtaining (316) annota-
tions includes transferring the annotations from one portion
of memory or process on a distributed data annotation server
system to another portion of memory or process on the dis-
tributed data annotation server system, although any of a
variety of techniques can be utilized to obtain (316) annota-
tions as appropriate to the requirements of specific applica-
tions in accordance with embodiments of the invention.

In a number of embodiments, annotator performance is
determined (318) with respect to how well the annotations
provided by the annotator correspond to the ground truth of
those features as identified within the training data set. In
many embodiments, this correspondence is determined by
measuring the distance between the ground truth of the fea-
ture and the annotation of the feature using a thresholding
heuristic. A list of detections X={x, . . ., X,,} can be matched
against the ground truth annotation listY={y, . .., y,,} using
a list of matched pair M=(x,.y,) and distance threshold <. For
each detection x,€X, the closest ground truth detection y €Y is
found such that the distance d(x,,y,)<t and y, does not belong
to a pair in M. If'y; is located in M, it is determined if there is
ax, that is not in M that is closer to y;. I so, (x;, y;) is added
to M, otherwise (x,, y,) is added to M. The distance function
can be any distance measure appropriate to the source data
being annotated, such as (but not limited to) a distance mea-
sured between points in Euclidian space. This process is
repeated for all x,eX that are not in M. Based on the sizes of
X, Y and M the number of correct detections can be deter-
mined along with the number of incorrect detections (e.g.
false alarms) and the number of missed annotations within the
provided annotations. Annotator precision can be determined
based on the number of correct detections, while annotator
recall can be determined based on the total number of features
annotated and the total number of features within the anno-
tated portions of the training data set. In several embodi-
ments, annotator performance metadata is determined (318)
based on the precision and recall of the annotator. Annotator
performance metadata can also be determined (318) based on
the time it took the annotator to provide annotations and/or
complete annotation tasks, the cost of the annotations, and/or
any other annotator characteristic appropriate to the require-
ments of specific applications in accordance with embodi-
ments of the invention.

In a variety of embodiments, annotator performance is
determined (318) based on a confidence score calculated
based on the clustering of detections across multiple annota-
tors annotating the same piece of source data within the
training data set. Processes for clustering of detections in
accordance with embodiments of the invention are discussed
in more detail below.

Grouping (320) annotators can be based on the determined
(318) annotator performance metadata. The annotators can be
grouped (320) based on the similarity of their annotator per-
formance metadata and/or be grouped into groups if the anno-
tator performance metadata exceeds a threshold value. This
threshold value can be predetermined and/or determined
dynamically based on the determined (318) annotator perfor-
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mance metadata. Other techniques can be utilized to group
(320) the annotators as appropriate to the requirements of
specific applications in accordance with embodiments of the
invention. In many embodiments, annotators are grouped
(320) based on the error rate of the annotators. The error rate
r can be computed by

r=(f+m)/(m+c)

where f is the number of false alarms, m is the number of
misses, and ¢ is the number of correct detections.

Although specific processes for the grouping of annotators
based on the distributed annotation of pieces of source data
are discussed above with respect to FIG. 3, any of a variety of
processes, including those utilizing grouping techniques dif-
fering from those described above, can be performed in accor-
dance with embodiments of the invention. Processes for
determining annotation tasks and rewards, clustering annota-
tions, and the iterative annotation of source data in accor-
dance with embodiments of the invention are described
below.

Determining Annotation Tasks and Rewards

In many cases, a cost is associated with obtaining annota-
tions from an annotator. By having a model of different anno-
tators, annotation tasks can be tailored toward the strengths of
the annotator, reducing the total cost of obtaining the anno-
tations. Likewise, rewards (such as monetary compensation)
can be designated toward certain annotation tasks in order to
incentivize annotators to complete a task quickly and/or to
accept a certain task. A process for determining annotation
tasks and rewards for annotation tasks in accordance with an
embodiment of the invention is conceptually illustrated in
FIG. 4. The process 400 includes obtaining (410) annotated
source data. Annotator performance is measured (412).
Annotation tasks are determined (414) and rewards are cal-
culated (416).

In several embodiments, annotated source data is obtained
(410) and annotator performance is measured (412) utilizing
processes similar to those described above. Annotation tasks
are designed to configure the annotators to annotate one or
more features within pieces of source data. Determining
(414) annotation tasks can be based on the features of the
obtained (410) source data and/or the measured (412) anno-
tator performance. In a variety of embodiments, the annota-
tion task is tailored toward the ground truth of the pieces of
source data in the obtained (410) annotated source data. In
many embodiments, the annotation tasks are tailored toward
the capabilities of the annotators as identified in the measured
(412) annotator performance, such as, but not limited to,
precision, recall, and time taken to provide annotations.

In a number of embodiments, rewards (such as monetary
compensation) are granted to annotators for accepting and/or
performing the determined (414) annotation tasks. Calculat-
ing (416) rewards can be based on a variety of factors as
appropriate to the requirements of specific applications in
accordance with embodiments of the invention, including the
difficulty of the annotation task, the measured (412) annotator
performance, and/or the time desired to complete the anno-
tation task. For example, a larger reward can be calculated
(416) for annotation tasks that are accepted and/or completed
quickly, while lower rewards are calculated (416) for those
annotation tasks where time is less of a factor. Similarly,
larger rewards can be calculated (416) for higher-performing
annotators to incentivize those annotators to participate in
particular annotation tasks, while lower-performing annota-
tors are not as richly rewarded. In this way, rewards are
calculated (416) in order to improve the total cost and/or time
taken to complete the determined (414) annotation tasks.
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Although a specific process for determining subsets ofa set
of source data is described above with respect to FIG. 4, a
variety of processes, including those that utilize alternative
sampling schemes, can be performed in accordance with
embodiments of the invention. Processes for clustering anno-
tations and the iterative annotation of source data in accor-
dance with embodiments of the invention are described
below.

Clustering Annotations of Source Data Features

When annotating features in a piece of source data, difter-
ent annotators annotating the same feature may annotate dif-
ferent portions of the source data proximate the feature being
annotated. Accordingly, an annotator may correctly identify a
feature within a piece of source data yet still annotate a
different portion of the source data than another annotator. By
clustering the annotations for a particular feature in a piece of
source data, a confidence value indicating the “correctness”
of the annotations can be determined with respect to the
particular feature. The confidence value can be utilized in the
determination of the performance of the annotators with
respect to a particular piece of source data. A process for
clustering annotations of source data features in accordance
with an embodiment of the invention is conceptually illus-
trated in FIG. 5. The process 500 includes obtaining (510) sets
of annotations. In several embodiments, the annotations are
sorted (512). Feature annotations are initialized (514). If
additional annotations remain (516), relevant annotations are
identified (518) and the feature annotations are updated (520).
A confidence score can also be calculated (522).

In many embodiments, the annotations are obtained (510)
utilizing processes similar to those described above. In a
number of embodiments, the annotations are sorted (512) by
size, although any sorting technique can be utilized as appro-
priate to the requirements of specific applications in accor-
dance with embodiments of the invention. In several embodi-
ments, the feature annotations are initialized (514) based on
the largest annotations. In a variety of embodiments, the
feature annotations are initialized (514) using a random set of
annotations. Determining if any annotations are remaining
(516) can include determining if any sets of annotations in the
obtained (510) sets of annotations have not been considered.
In several embodiments, identifying (518) relevant annota-
tions includes identifying one or more annotations within a
set of annotations that have not been previously considered
that are within a threshold distance from annotations within
the feature annotations. The distance can be determined uti-
lizing any of a number of distance measurement techniques as
appropriate to the requirements of specific applications in
accordance with embodiments of the invention, such as a
nearest neighbor analysis. Updating (520) the feature anno-
tations can include adding the identified (518) relevant anno-
tations to the feature annotations and/or replacing the least
relevant annotation within the feature annotations with the
identified (518) relevant annotation. Once no annotations are
remaining (516), a confidence score can be calculated (522)
based on the feature annotations. The confidence score
reflects a measure, based on the clustering of annotations in
the feature list, how likely it is that a particular feature within
a piece of source data has been correctly identified by the
annotators. In many embodiments, tightly clustered annota-
tions have a high confidence score indicating that it is likely
that a particular feature has been identified, while loosely
clustered (or unclustered) annotations have a low confidence
score, indicating that it is unlikely that a particular feature in
the piece of source data is annotated.
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In a number of embodiments, the obtained (510) sets of
annotations include detection lists provided by one or more
annotators. For the detection lists

Xp={%,1 %0 . . Kot

is a list of detections from the pth annotator. Each detection is
a D-dimension point

where A is the list of detection in cluster g, the following

clustering algorithm can be utilized in accordance with sev-

eral embodiments of the invention to cluster the annotations:

1. Sort the lists in X by the size of each list, with the largest
first. Denote the sorted list of lists of detections X.

2. Initialize the cluster centers C and the cluster assignment
lists A with the detections from the first list in X (the list
with most detections). .

3. For each of the remaining lists X,,€X, match the detections
from list X, to the cluster centers in C and assign them to
the corresponding assignment lists in A:

(a) For each detection x,,€X,,, find the nearest neighbor
cluster r (with center c,) with no detections from the
current detection list X, assigned to it.

(b) If the distance to the nearest neighbor is greater than a
threshold, d(x,,, ¢,)>T, then assign the detection to a new
cluster. Add the new cluster center to C and add a new
assignment list to A containing only x,,,. Process the next
detection.

(c) Otherwise, check if the nearest neighbor cluster r has
other detections in X, that are closer than x,,,. I there are
no such detections, then assign x ,, to cluster r, i.e. add x,,,
t0A,.

(d) If a closer detection x,, was found. i.e. d(x,,, ¢,)<d(x,,,
c,), then assign x,, to cluster r. Go back to (a) and try to
assign x,,, again.

(e) Every time a detection is assigned to a cluster, the center
of'the cluster is recomputed by taking the mean location
of all assigned detections.

The results of this algorithm can be utilized in the calcula-
tion (522) of a confidence score for each of the identified
clusters. In a variety of embodiments, the clustering of anno-
tations and the calculation (522) of the confidence score is
determined based on an identified ground truth value for one
or more features within a piece of source data. In several
embodiments, the clustering of annotations and the calcula-
tion (522) of the confidence score is determined by the rela-
tive location (e.g. value) of the annotations relative to each
other and the determine cluster(s). For example, those anno-
tations that are tightly clustered together result in the calcu-
lation (522) of a higher confidence score than those annota-
tions that are less tightly clustered. As described above, the
calculated (522) confidence score can be utilized in determin-
ing annotator performance as appropriate to the requirements
of specific applications in accordance with embodiments of
the invention.

A specific process for clustering source data features is
described above with respect to FIG. 5; however, a variety of
processes, including those that utilize alternative clustering
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techniques, can be utilized in accordance with embodiments
of the invention. Processes for the iterative annotations of
features in pieces of source data in accordance with embodi-
ments of the invention are described below.

Iterative Feature Annotation

Many pieces of source data are difficult to annotate. In
many cases, the annotation of particular features of source
data can be improved by having a first set of annotators
provide an initial set of annotations identifying the particular
features, then iteratively having additional annotators refine
the initial set of annotations to correct any errors or missed
features. A process for the iterative annotation of pieces of
source data in accordance with an embodiment of the inven-
tion is conceptually illustrated in FIG. 6. The process 600
includes obtaining (610) a set of source data and obtaining
(612) a set of initial annotations. Annotated source data is
generated (614) and one or more updated annotation tasks are
created (616). The initial annotations are updated (616). If a
confidence threshold is reached (618), the process 600 com-
pletes. If the confidence threshold is not reached (618), anno-
tated source data is generated (614) and the process repeats.

In several embodiments, obtaining (610) source data and
obtaining (612) the initial annotations are performed utilizing
processes similar to those described above. Annotated source
data can be generated (614) by indicating the initial annota-
tions in the obtained (610) pieces of source data. The updated
annotation tasks are designed to configure annotators to iden-
tify features within the pieces of source data based on the
initial annotations indicated in the generated (614) annotated
source data and/or to refine (e.g. correct) the already identi-
fied annotations. In several embodiments, generating (614)
the annotated source data includes clustering the initial anno-
tations using clustering techniques similar to those described
above. In a variety of embodiments, the creation (616) of
updated annotation tasks is performed utilizing processes
similar to those described above. The updated annotation
tasks can be performed by annotators utilizing processes
similar to those described above and the initial annotations
are updated (618) based on the results of the updated anno-
tation tasks.

In many embodiments, a confidence value is determined
based on the difference between the initial annotations and
the updated (618) initial annotations. As discussed above, the
confidence value can be based on the distance between the
annotations as presented in the updated annotation task and
those in the updated (618) initial annotations. In a number of
embodiments, the confidence value is based on the number of
annotations modified in the updated (618) initial annotations.
In a variety of embodiments, determining if the confidence
threshold has been reached (620) involves comparing the
confidence value to a predetermined and/or dynamically
determined confidence threshold. The confidence threshold
can be an absolute value and/or a delta between two or more
computed confidence values. If the confidence value is within
the confidence threshold, the process 600 completes. Other-
wise, additional annotated source data is generated (614)
based on the obtained (610) source data and the updated (618)
initial annotations and the annotation task repeats until the
confidence threshold value is reached.

A specific process for iterative annotating pieces of source
data is described above with respect to FIG. 6; however, a
variety of processes, including those that utilize alternative
clustering techniques, can be utilized in accordance with
embodiments of the invention.

Although the present invention has been described in cer-
tain specific aspects, many additional modifications and
variations would be apparent to those skilled in the art. It is
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therefore to be understood that the present invention can be
practiced otherwise than specifically described without
departing from the scope and spirit of the present invention.
Thus, embodiments of the present invention should be con-
sidered in all respects as illustrative and not restrictive.
Accordingly, the scope of the invention should be determined
not by the embodiments illustrated, but by the appended
claims and their equivalents.

What is claimed is:

1. A method for clustering annotators via a distributed data
annotation process, comprising:

obtaining a set of source data using a distributed data

annotation server system, where a piece of source data in
the set of source data comprises at least one identifying
feature;

determining a training data set representative of the set of

source data using the distributed data annotation server
system, where each piece of source data in the training
data set comprises source data metadata describing the
ground truth for the piece of source data, where the
ground truth for a piece of source data describes the
features contained in the piece of source data and a
correct label associated with each feature;

obtaining sets of annotations from a set of annotators for a

portion of the training data set using the distributed data
annotation server system, where an annotation identifies
one or more features within a piece of source data in the
training data set;

for each annotator:

determining annotator recall metadata based on the set
of annotations provided by the annotator for the train-
ing data set using the distributed data annotation
server system, where the annotator recall metadata
comprises a measure of the number of features within
a piece of source data identified with a label in the set
of annotations by the annotator; and

determining annotator precision metadata based on the
set of annotations provided by the annotator for the
training data set using the distributed data annotation
server system, where the annotator precision meta-
data comprises a measure of the number of correct
annotations associated with each piece of source data
based on the ground truth for each piece of source
data; and

grouping the annotators into annotator groups based on the

annotator recall metadata and the annotator precision
metadata using the distributed data annotation server
system.

2. The method of claim 1, further comprising generating an
annotation task comprising a portion of the set of source data
using the distributed data annotation server system, where the
annotation task configures an annotator to annotate one or
more features within the set of source data.

3. The method of claim 2, wherein the annotation tasks are
targeted toward one or more annotator groups.

4. The method of claim 1, further comprising measuring
the time taken by an annotator to provide an annotation within
the sets of annotations using the distributed data annotation
server system.

5. The method of claim 1, further comprising:

calculating a reward based on the annotator recall metadata

and the annotator precision metadata using the distrib-
uted data annotation server system; and

providing the reward to an annotator for providing one or

more annotations using the distributed data annotation
server system.
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6. The method of claim 5, wherein grouping annotators into
annotator groups is further based on the calculated reward.

7. The method of claim 1, wherein the obtained sets of
annotations are clustered into annotation clusters based on the
features within the piece of source data identified by the
annotations using the distributed data annotation server sys-
tem.

8. The method of claim 7, wherein:

the set source data comprises image data; and

the annotation clusters comprise annotations that are

within a distance threshold from each other within the
image data.

9. The method of claim 7, wherein the annotation clusters
comprise annotations that are within a distance threshold
from the ground truth for the feature identified by the anno-
tations.

10. The method of claim 7, further comprising:

determining an error rate for each annotator based on the

annotation clusters using the distributed data annotation
server system; and

grouping the annotators into annotator groups based on the

determined error rate for the annotators using the dis-
tributed data annotation server system.

11. A distributed data annotation server system, compris-
ing:

a processor; and

a memory configured to store a data annotation applica-

tion;

wherein the data annotation application configures the pro-

cessor to:
obtain a set of source data, where a piece of source data
in the set of source data comprises at least one iden-
tifying feature;
determine a training data set representative of the set of
source data, where each piece of source data in the
training data set comprises source data metadata
describing the ground truth for the piece of source
data, where the ground truth for a piece of source data
describes the features contained in the piece of source
data and a correct label associated with each feature;
obtain sets of annotations from a set of annotators for a
portion of the training data set, where an annotation
identifies one or more features within a piece of
source data in the training data set;
for each annotator:
determine annotator recall metadata based on the set
of annotations provided by the annotator for the
training data set, where the annotator recall meta-
data comprises a measure of the number of features
within a piece of source data identified with a label
in the set of annotations by the annotator; and

10

15

20

25

30

35

40

45

50

18

determine annotator precision metadata based on the
set of annotations provided by the annotator for the
training data set, where the annotator precision
metadata comprises a measure of the number of
correct annotations associated with each piece of
source data based on the ground truth for each piece
of source data; and
group the annotators into annotator groups based on the
annotator recall metadata and the annotator precision
metadata.

12. The system of claim 11, wherein the data annotation
application further configures the processor to generate an
annotation task comprising a portion of the set of source data,
where the annotation task configures an annotator to annotate
one or more features within the set of source data.

13. The system of claim 12, wherein the annotation tasks
are targeted toward one or more annotator groups.

14. The system of claim 11, wherein the data annotation
application further configures the processor to measure the
time taken by an annotator to provide an annotation within the
sets of annotations.

15. The system of claim 11, wherein the data annotation
application further configures the processor to:

calculate a reward based on the annotator recall metadata

and the annotator precision metadata; and

provide the reward to an annotator for providing one or

more annotations.

16. The system of claim 15, wherein the processor is fur-
ther configured to group annotators into annotator groups
based on the calculated reward.

17. The system of claim 11, wherein the processor is con-
figured to cluster the obtained sets of annotations into anno-
tation clusters based on the features within the piece of source
data identified by the annotations.

18. The system of claim 17, wherein:

the set source data comprises image data; and

the annotation clusters comprise annotations that are

within a distance threshold from each other within the
image data.

19. The system of claim 17, wherein the annotation clusters
comprise annotations that are within a distance threshold
from the ground truth for the feature identified by the anno-
tations.

20. The system of claim 17, wherein the data annotation
application further configures the processor to:

determine an error rate for each annotator based on the

annotation clusters; and

group the annotators into annotator groups based on the

determined error rate for the annotators.
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